AIM To provide the surgical indication for patients with myopic traction maculopathy (MTM) by investigating the postoperative outcomes after vitrectomy among different types of morphological characteristic groups.
Background
Myopic traction maculopathy (MTM) is one of the major causes of poor vision in eyes with pathological macular lesions associated with high myopia, which are caused by traction and are discovered in 9 to 34% of high myopia and posterior staphylomas [1] [2] [3] [4] . The vision suffers damage when MTM present manifestation including thickening of the retina, macular retinoschisis-like structures, foveal retinal detachment and macular holes. There are many factors may affect the development of MTM [2, 5, 6] , but the pathogenesis is not clear. Recently some studies have reported that it may be related to the adherent vitreous cortex, epiretinal membrane, internal limiting membrane (ILM), retinal blood vessels, axis lengthening, and formation of posterior staphyloma [7] [8] [9] [10] .
Vitrectomy combined with ILM peeling [11] [12] [13] , posterior scleral reinforcement [14] [15] [16] , intraocular gas treatment [17] , and combination of these approaches [18] is considered to be effective treatment for MTMs. Among these methods, vitrectomy combined with ILM peeling for MTMs has good visual and anatomic results and perceived as the preferred treatment [19] [20] [21] . Recently, some scholars [22, 23] have found that collagen fibers and cellular components on the intimal membrane may play an important role in the formation of macular cleavage. Therefore, some researchers preferred vitrectomy combined with fovea-sparing ILM peeling for reducing the occurrence of secondary macular holes [24, 25] . On the basis of the appeal study, we chose vitrectomy combined with ILM peeling and C3F8 tamponade, and fovea-sparing ILM peeling in patients with foveal detachment and thinned retina.
Preoperative visual acuity, the foveal status, duration of symptoms, age are important factors affect postoperative visual acuity in the treatment of MTM [11, 26] . Optical coherence tomography (OCT) is a useful way to diagnose MTM and monitor the development of MTM. Many investigators have attempted to observe the postoperative results in different types of MTM [11, 27] according to OCT and tried to find out the indications for surgery. There is no standard of indication for surgery, and it's controversial about whether FS should be as a candidate for surgery [11, 26, 28, 29] . Nevertheless, these studies only compared the final results of MTM patients at some point after surgery and didn't report the anatomical and visual recovery speed among different morphological type of MTMs. In this study, we retrospectively analyzed 37 patients were diagnosed as MTM, and classified these 37 eyes into three groups: foveal retinoschisis (FS), lamellar macular hole (LMH), foveal retinal detachment (FRD). We compared the results of different morphological type of MTM patients at 12 months after surgery, and analyzed the process of splitting healing and visual acuity improvement preoperatively and 1, 3, 
Statistical Analysis
Patient demographic data, foveal OCT findings, and BCVA of each foveal type were compared retrospectively. All statistical analyses were performed using IBM SPSS, version 19 (IBM Corp, USA). Data were presented as means ± standard deviation (SD), and differences were considered significant if P <0.05.
Results
The basic information of patients (Table 1) shows that there was no significant difference in preoperative parameters including sex, age, and eye axis among the three groups. And we found that the visual acuity of the FS group was significantly better than LMH (P < 0.05) and FRD group (P < 0.01). However, there was no significant difference in visual acuity between the FRD and LMH groups (P = 0.056; Anatomical recovery could be found in all patients of the FS and LMH group at 6 and 12 months postoperatively, respectively, but only 83.33% patients in the FRD group showed anatomic recovery until 12 months (Table 2 ). Fig. 2 and Fig. 3 show the CRT of macular area preoperatively and postoperatively of these three groups. Not only the preoperative splitting height was lower in the FS group than in FRD and LMH groups, but also at 1, 3, 6 and 12 months of follow-up, although the splitting height have no significantly differ between FRD and LMH groups ( 
Discussion
At the postoperative 1 month follow-up, we found significant differences among the three groups in the anatomic reduction rate (FS: 53.85%; FRD: 9.1%; LMH: 50%). At the end of 12 months of follow-up period, we found there was no significant differences among the three groups in the reduction rate (FS: 100%; FRD: 83.33%; LMH: 100%). Combining the results of preoperative mean CRT: the highest in the FRD group and lowest in the FS group before surgery. At the 12-month follow-up, the mean CRT showed the same relationship. Studies have shown that the average foveal thickness in normal Asians ranges from 195 to 252.8 µm [30] [31] [32] . We hypothetically used 200 µm as the boundary for splitting improvement in patients with high myopia, and anatomic recovery was consistent with the reduction of CRT in each group. Shinohara et al. showed that outer retinoschisis is mainly caused by a posteriorly pulling force, that is, the staphyloma, and the inner retinoschisis is caused mainly by an anteriorly pulling force, that is, vitreous traction and vascular microfolds. The larger the pulling force is the higher the CRT [3, 33] . When the anteriorly pulling force is surgically removed, the FRD group showed the slowest recovery during 12 months follow-up period, followed by the LMH group, while the FS group with the smallest pulling force showed the fastest recovery. The splitting can heal eventually as the pull force relieving. Therefore, at the end of the follow-up period the splitting height of all these eyes decreased and reached under 200µm. To be sure, splitting recovery in FS group was the fastest, followed by LMH group, slowest in FRD group.
In FS group, as the anatomical reduction the postoperative BCVA reached to a satisfactory level early and maintained the good vision after surgery. But the visual acuity of the LMH and FRD group did not significantly improve even though splitting gradually recovered. We find the preoperative BCVA and CRT was positively correlated with the postoperative BCVA was certified and same with previous study [23] . FS group had the best preoperative and postoperative vision [26, 34] . It could be understood because there is less photoreceptor and neuroepithelial damage in the FS group than LMH group and FRD group, and most of photoreceptor could work again after anatomical recovery in FS group. Surgery only helps for anatomical recovery, not for retinal nerve fiber layer repairing in fovea. Thus, like the result of KYOKO's investigation [27] and our results that the visual acuity of the LMH group did not significantly improve even though splitting gradually recovered, LMH visual outcome was not good after surgery. Baba et al [3] suggested that if shallow retinal detachment lasts long, the damage to the photoreceptors is likely to progress, consequently leading to decreased vision. Ohno-Matsui et al [35] proposed that photoreceptor layer defects and persistent chorioretinal degeneration may be the mechanism underlying unsatisfactory postoperative visual recovery and outcome.
Thus, when the photoreceptor layer of FRD is separated from the RPE layer, resulting in the damage of photoreceptor cells associated with vision due to lack of nutrition [35] . Here, the visual improvement of FRD was worse than FS group, was different with Yasushi's description [11] . It may relate to the small sample size and the long time for duration of symptoms in FRD group. In general, although there was no dramatic improvement in visual acuity of LMH, they all can reach anatomical recovery after vitrectomy and prevent the progression of MTM.
It is still controversial to determine the optimal timing for MTM, and the selection of surgical candidates based on the judgments of operators. Some people believed FRD was a predictive factor of poor prognosis, and suggested early surgery should be performed in MTM before FRD appearing [11, 36, 37] . However, there is another opinion pointed out the presence of FRD should be considered for surgical indication [27] . Here, we concluded FS group got the fastest anatomical recovery, reached the best visual acuity, and gained the largest visual improvement compared the slower anatomical recovery and the poor visual outcome in LMH and FRD group. We consider early surgery for FS whenever the patient had visual loss before the LMH or FRD occurs.
Development of full-thickness macular hole (MH) from FS and LHM were observed in previous researches [38] . It's known MH lead to poor prognosis, most MH could not gain visual improvement even after surgery, and the purpose of surgery for MH was to avoid a worse prognosis [11, 26] . In our observation, we lacked of MH patients because MH patients lost fellow-up after surgery. We hypothesis their poor visual outcome after surgery resulted in the high missing rate. But the loss of MH didn't influence our conclusion because we can speculate the benefit of MH was less than LMH and FRD. Some investigation showed duration of symptoms is a significant predictive factor for visual outcomes after surgery [11] , it's a deficiency of no recorders about the duration of symptoms in our study. In addition, we will enlarge sample and compare the outcomes among more different morphological characteristics in the future.
Conclusions
In summary, our study showed that the splitting healing rate was the fastest in the 
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Figure 2
Typical OCT images of preoperative and postoperative splitting recovery in the FS, FRD, and The changes in the BCVA of all three groups. Note: A: The mean changes in the BCVA at diffe
